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Abstract 
This article proposes the estimating method of a quality indicator of "population welfare in the region" based on the theory of 
fuzzy sets. For welfare analysis there are estimated the parameters of Engel curves using the method of fuzzy regression. The 
resulting model parameters are triangular fuzzy numbers whose cofactor is the fuzzy evaluation of the welfare population in the 
region. For defazzification of obtained fuzzy number, there is calculated the area of the intersection of fuzzy numbers of the 
actual wealth level and the possible linguistic terms from "absolute poverty" to "a high level of well-being". These obtained 
results suggest that the population of the Republic of Tatarstan has a good and a high level of well-being. The proposed 
methodology provides an analysis on the short time series and takes account of incomplete or inaccurate information. 
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1.  Introduction 
The economic security refers to a state of food infrastructure when the population of the region are able to 
purchase food in the required volume, range, amounts of not less than rational norms of food consumption needed 
for an active and healthy lifestyle, without compromising the quality and quantity of non-food products and services 
(Lewbel, Pendakur, 2008; Blisard & Blaylock, 1991). 
Consumption is a complex process: on the one hand it is necessary to analyze the income and the structure of 
their expenditure, on the other hand it is necessary to analyze the market environment and the availability of the 
physical capacity of the population to buy foodstuffs.  
The analysis of population income and expenditure patterns gives an indication of the level of the  population 
welfare (Larsen, 2007; Ibragimov M.J. et al., 2014). Ernst Engel has revealed the relationship between the cost of 
certain groups of goods and income level of population (Engel, J; Kneip, A, 1996). The higher the level of welfare, 
the less the share of expenditure on food and more share of spending on high-technology products and luxury goods 
(Crawford, I et.al, 2003). 
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2. Methodology 
Disposable resources of households increase annually. However, to judge the adequacy of income of the 
population is only possible with an analysis of costs. The results of the study by Ernst Engel show that the growth of 
real income of the consumer, the consumption of secondary benefits increases faster than essentials benefits (Chai & 
Moneta, 2012; Moneta & Chai, 2014). Engel curves is a graph showing the dependence of consumption goods 
volume on the level of income of the consumer. Swedish economist L. Tornqvist offered special kinds of demand 
functions (Tornquist functions) for the three product groups: essentials, the second necessary, luxuries (Wan, 1996; 
Hufnagel, 1994). Graphical form of dаta of Engel functions (depending the cost of the various groups of goods and 
services on  revenues) is shown in Fig. 1. 
 
 
Fig. 1. Engel curves in the interpretation of Tornqvist. 
Tornqvist function for food products is as follows: 
bI
aIQ                                                                                                                                                     (1) 
where Q is consumer expenditures on food products,  I is Per capita income; 
a, b are the parameters of the model. 
Here are calculated the parameters of the Tornqvist function for the Republic of Tatarstan for the period of 2007-
2012. To do this, we transform the function into a linear form (Larsen, 2009): 
11 *   IdcQ  
                                                                                                                                (2) 
Where c,d are the parameters of the model. 
 
Table 1. Correlation and regression analysis of income and consumption 
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Model 1: LSQ, used observations 1-5 Dependent variable: Con_exp 
 Сoefficient Std. error t-ratio P- value  
const 3,19444e-05 8,13506e-05 0,3927 0,72080  
Income 4,10866 1,23175 3,3356 0,04453 ** 
Mean dependent var 0,000298  S.D. dependent var 0,000068 
Sum squared resid 3,88e-09  S.E. of regression 0,000036 
R-square 0,787632  Adjusted R-squared 0,716842 
F(1, 3) 11,12640  Р-value (F) 0,044532 
Log-likelihood 45,34753  Akaike criterion ෥ 
Schwarz criterion ෥  Hannan-Quinn ෥ 
 
The result of estimation of the model parameters in Table 1 shows that the overall model is significant at the 0.05 
level, but the t-ratio constant term indicates that it is insignificant. Therefore, the Tornqvuist function is converted by 
the omission of the constant term, the dependence of food expenditure on income level is linear with the absence of a 
constant term (Perali, 2008). 
The period for which official statistics are presented in consumer expenditure is a rather short time series, so the 
estimates obtained using the  LSQ may be unreliable. Due to this uncertainty, we assess the relationship of consumer 
expenditure of Tatarstan population and income using fuzzy regression (Ismagilov I.I, Bichurin R.V., 2014). We 
construct a fuzzy model of the form: 
 
IAQ *~                                                                                                                                                  (3) 
Where );(
~
DD  aaA   is  a triangular fuzzy number; a – is the average value of A; α  shows the scatter relative to the 
average (the degree of fuzziness). 
 
General fuzziness of the predictive value of the dependent variable should be minimized. This can be achieved 
by minimizing the amount of scatter of fuzzy numbers for all data sets. The problem of fuzzy model setting with the 
given factors can be solved as an equivalent problem of linear programming of search c and α, which minimize the 
expression: 
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The resulting fuzzy regression is of the form: 
 
IAQ *~ )262.0;18.0;221.0(                                                                                                                          (5) 
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It can be concluded that the cost of food products is ranging from 18% to 26.2% of the level of per capita 
income. A graph of dependence of the level of food products on the available resources is shown in Figure 2. 
Fig.2. Engel curve for food consumption of Tatarstan (2007-2011) 
 
At very high income (I → + ∞) the value of consumer expenditure has an asymptotic nature. With the growth of 
the real welfare of the region's population, the coefficient of per capita income tends to zero, on the other hand the 
proximity to one indicates  the unambiguous poverty in the region, where all income is spent on food. 
For the analysis of the factor "disposable resources of households” of food security in the region, we introduce the 
fuzzy number "High level of welfare» (D), whose appurtenance function is given in the form of classical operation 
of sets negation as fuzzy regression coefficient between consumer expenditure and income of population  and 
welfare indicator of population have strict inverse relationship: 
 
)82.0;738.0;779.0();;(
~~1)( caaa DAD    DDP                                                         (6) 
where )();;( Daaa DDP    is the value of the appurtenance function of fuzzy number "welfare of population"; A- 
fuzzy regression coefficient; a- modal value of welfare of population; α- the degree of fuzziness. 
For comparison and analysis, we introduce linguistic terms of fuzzy number of "well-being of the population" and 
their triangular numbers );;(
~
EE  bbbB : absolute poverty 
1
)25.0;0;0(
~B ,  poverty 2 )5.0;0;25.0(
~B , average level 3 )75.0;25.0;5.0(
~B ,  
good level 4 )1;5.0;75.0(
~B   and high level 5 )1;75.0;1(
~B  of well-being. The graph of the actual welfare of  population in the 
Republic of Tatarstan and the linguistic terms of fuzzy number "Welfare of population" are shown in Figure 3. 
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Fig.3. Linguistic terms of fuzzy number  "Well-being of the population" 
 
According to Figure 3 it is clear that the actual state of the Welfare of population in the Republic of Tatarstan 
mainly falls into the linguistic term "Good level of well-being", and partly in the area of the term "High level of 
well-being." Total intersection of the actual well-being of population with linguistic terms we find by the following 
formula: 
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Where )(DcP  is fuzzy number the actual well-being of region's population, > @DD  aac ; ; 
)( jс BP  -  jth  linguistic term of fuzzy number "Welfare of the  population, > @EE  bbc ; . 
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For the Republic of Tatarstan, the values of intersection of the actual level of welfare of population with linguistic 
terms are presented in Table 2. 
 
Table 2. The intersection proportion of fuzzy number of actual welfare 
Linguistic term Intersection proportion 
Absolute poverty 0 
Poverty 0 
Average level of well-being 0,006035 
Good level of well-being 0,985408 
High level of well-being 0,205347 
 
Thus, for 98.5% it can be assumed that the welfare of the population is estimated at a good level, at the level of 
20.5% we can assume a high level of well-being and 0.6% is an average level of prosperity in the region. 
 
3. Conclusion 
Food security in the region is an important economic characteristic. Despite the fact that the food safety is a 
quality indicator, there is a need for its quantitative evaluation and analysis (Ismagilov I.I., 2012). The indicator of 
food security can be decomposed into its constituent parts: the financial and economic sustainability of agricultural 
producers (Khasanova S.F., Fazullina A.I., 2015), dependence on foreign trade (Kaus, 2013) and the assessment of 
the availability of food for the population of the region. The assessment of the availability of food should be also 
evaluated comprehensively revenue accounting on the one hand and the opportunity to purchase food on the other 
hand. 
The assessment of income of the population is reduced to the analysis of welfare in the region. In economic 
theory, welfare is described by the Engel curves characterizing the costs of the various groups of goods on the level 
of expenditure. So as welfare of population in the region increases, the level of expenditure on consumer spending 
decreases, as the share of expenditure on industrial goods, high-quality goods and luxury items increases (Vitaliano, 
2010). Theoretical form of Engel curves was derived by Tornqvist. The estimation of the model parameters of 
dependence of the cost of food items on the income level showed statistically insignificant individual coefficients 
and the need for conversion of Tornqvist function to a linear form with zero constant term (Hasegawa, 2008). 
 The official statistics on income and expenditure of population is a short time series, indicating incomplete 
information and uncertainty (Seale, et al., 2012). Therefore, the Engel curve for food expenditure is proposed to 
define with the tool of fuzzy regression, in which the parameter of the model is represented by a triangular number. 
Left and right boundaries characterize the possible spread of parameter values and are an indication of the degree of 
uncertainty or degree of fuzziness. Mid triangular number is modal parameter of regression. 
The analysis shows that the population of the Republic of Tatarstan on average spends on the purchase of 
foodstuffs from 18% to 26.2% of total revenues, wherein the most probable value is 22.1%. The remaining share of 
the income is constituted by savings, investment, buying manufactured goods and luxury. The actual level of welfare 
of population can also be represented as a fuzzy number, calculated as a function of the complement of the 
regression coefficient of the Engel curve for food expenditure. 
For defazzification of obtained fuzzy number of the welfare level of population, we proposed the following 
algorithm. There is introduced the fuzzy number "Welfare of population" and five of its possible linguistic terms in 
the form of triangular numbers: absolute poverty, poverty, average, good level and high level of well-being. There 
estimated the share of the intersection of fuzzy number of actual welfare of population with given linguistic terms. 
The resulting fraction characterizes the degree to which there can be correlated the state of welfare of population 
with the life levels from absolute poverty to a high level of well-being. 
Currently, for 98.5% it can be assumed that the welfare of the population of the Republic of Tatarstan is at a good 
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level, at the level of 20.5% it can be assumed a high level of well-being and a 0.6% is the average level of prosperity 
in the region. From the standpoint of population income, there are not threats to food security. 
The presented method is a tool of evaluation of quality indicators. The resulting fuzzy numbers can be used in 
further research and calculations of complex parameters food availability and food security in the region. 
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